Oligomerization state of the DNA fragmentation factor in normal and apoptotic cells.
The caspase-activated DNase (CAD) is the primary nuclease responsible for oligonucleosomal DNA fragmentation during apoptosis. The DNA fragmentation factor (DFF) is composed of the 40-kDa CAD (DFF40) in complex with its cognate 45-kDa inhibitor (inhibitor of CAD: ICAD or DFF45). The association of ICAD with CAD not only inhibits the DNase activity but is also essential for the co-translational folding of CAD. Activation of CAD requires caspase-3-dependent proteolysis of ICAD. The tertiary structures of neither the inactive nor the activated DFF have been conclusively established. Whereas the inactive DFF is thought to consist of the CAD/ICAD heterodimer, activated CAD has been isolated as a large (>MDa) multimer, as well as a monomer. To establish the subunit stoichiometry of DFF and some of its structural determinants in normal and apoptotic cells, we utilized size-exclusion chromatography in combination with co-immunoprecipitation and mutagenesis techniques. Both endogenous and heterologously expressed DFF have an apparent molecular mass of 160-190 kDa and contain 2 CAD and 2 ICAD molecules (CAD/ICAD)2 in HeLa cells. Although the N-terminal (CIDE-N) domain of CAD is not required for ICAD binding, it is necessary but not sufficient for ICAD homodimerization in the DFF. In contrast, the CIDE-N domain of ICAD is required for CAD/ICAD association. Using bioluminescence resonance energy transfer (BRET), dimerization of ICAD in DFF was confirmed in live cells. In apoptotic cells, endogenous and exogenous CAD forms limited oligomers, representing the active nuclease. A model is proposed for the rearrangement of the DFF subunit stoichiometry in cells undergoing programmed cell death.